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SUPPLEMENTARY METHODS

LD-score Regression and Multi-phenotype Analyses

We assessed the genetic correlation between FVIII and VWF (proportion of shared
heritability) using LD-score regression ! using summary statistics for the European-only
meta-analysis of FVIII and VWF (including 25,897 and 42,257 individuals respectively).
Given the strong genetic correlation, and in order to gain statistical power, genome-wide
autosomal data from the multi-ethnic meta-analysis for FVII11 and VWF were combined using
aSPU package?. Briefly, z-scores for each phenotype were calculated and then used to
estimate the covariance between both phenotypes. To overcome the computational burden of
running high number of permutations (B) in the whole GWAS dataset, we first run the whole
dataset at B=1000, then selected those SNPs where the p-value was smaller than 0.0025
(2.5/number of permutations), and re-run the smaller set of SNPs at increasingly higher B

values until the limit of B=10° permutations. Since the p-values obtained with this method is



limited by the number of permutations, the final run of B=10° permutations limit the

minimum p-value to 2x10-°.

Proportion of variance explained
Proportion of variance r? explained by the associated variants was calculated using the

formula:
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Where f is the effect allele frequency and f is the per-allele increment in natural log-
transformed phenotype. We calculated beta value using summary-statistics beta values from
all participating cohorts and considering the variance, var(y), as square of the weighted mean
of standard deviations for the log-transformed phenotype across all cohorts. In addition, we
confirmed these values by calculating the proportion of variance explained by the top SNPs

in every individual cohort and then summing them up, which resulted in minor differences.

Putative Variants
Putative functional SNPs for all new loci were investigated in silico using publicly available

data from Haploreg 2 and SNiPA 4.

Expression quantitative trait loci (eQTL) analysis

The SNP with lowest p-value for each locus was selected and eQTL analysis was performed
by checking association with nearby genes (at +/- 1Mb from the selected SNP) in the multi-
tissue expression database curated by the Johnson lab at Framingham. A list of all studies
included in the database along with their PubMed id is included in below, and results are
shown in Supplementary Table 3a and 3b. Results from whole blood and liver studies were

prioritized since they have the largest sample size and come from relevant tissues. Since most



studies in the database were not performed using 1000G data, proxy SNPs in high LD

(r2>0.8) and present in HapMap were selected using SNiPA and also queried.

Database material: A general overview of a subset of >50 eQTL studies has been published®,

with specific citations for >100 datasets included in the current query following here.

Blood cell related eQTL studies included fresh lymphocytes® , fresh leukocytes’, leukocyte
samples in individuals with Celiac disease®, whole blood samples®28, lymphoblastoid cell
lines (LCL) derived from asthmatic children®® 3%, HapMap LCL from 3 populations®, a
separate study on HapMap CEU LCL?, additional LCL population samples33-2°,
neutrophils?® 4, CD19+ B cells*?, primary PHA-stimulated T cells®® 2°, CD4+ T cells*,
peripheral blood monocytes3? 42 4447 long non-coding RNAs in monocytes*® and CD14+
monocytes before and after stimulation with LPS or interferon-gamma*®, CD11+ dendritic
cells before and after Mycobacterium tuberculosis infection®® and a separate study of
dendritic cells before or after stimulation with LPS, influenza or interferon-beta®!. Micro-
RNA QTLs>> %3 DNase-1 QTLs, histone acetylation QTLs>, and ribosomal occupancy
QTLs®® were also queried for LCL. Splicing QTLs®" and micro-RNA QTLs% were queried in

whole blood.

Non-blood cell tissue eQTLs searched included omental and subcutaneous adipose!!: 22 28, 37,
%9 visceral fat'?, stomach®®, endometrial carcinomas®®, ER+ and ER- breast cancer tumor
cells®?, livertt 59.62-65 osteoblasts®, intestine®” and normal and cancerous colon® 69, skeletal
musclet 70, breast tissue (normal and cancer)’ 72, lung?? 7376, skin?233.37. 77 primary
fibroblasts®® 3% 78 sputum’®, pancreatic islet cells®, prostate®, rectal mucosa®?, arterial wall*

and heart tissue from left ventricles?> 8 and left and right atria. Micro-RNA QTLs were



also queried for gluteal and abdominal adipose® and liver®® . Methylation QTLs were queried
in pancreatic islet cells®’. Further mMRNA and micro-RNA QTLs were queried from ER+
invasive breast cancer samples, colon-, kidney renal clear-, lung- and prostate-

adenocarcinoma samples®.

Brain eQTL studies included brain cortex? 47-8-91 cerebellar cortex®?, cerebellum?®0 93-%,
frontal cortex®> % %, gliomas®’, hippocampus®? %, inferior olivary nucleus (from medulla),
intralobular white matter, and occipital cortex %, parietal lobe®®, pons®, pre-frontal cortex®
94,98,99 putamen (at the level of anterior commissure)®, substantia nigra®, temporal cortex®®

92,94,96 thalamus and visual cortex %4.

Additional eQTL data was integrated from online sources including ScanDB, the Broad
Institute GTEX Portal, and the Pritchard Lab (egtl.uchicago.edu). Cerebellum, parietal lobe
and liver eQTL data was downloaded from ScanDB and cis-eQTLs were limited to those
with P-value < 10 and trans-eQTLs with P-value <5x1078. Results for GTEx Analysis V4
for 13 tissues were downloaded from the GTEXx Portal and then additionally filtered as
described below [www.gtexportal.org: thyroid, leg skin (sun exposed), tibial nerve, aortic
artery, tibial artery, skeletal muscle, esophagus mucosa, esophagus muscularis, lung, heart
(left ventricle), stomach, whole blood, and subcutaneous adipose?? . Splicing QTL (sQTL)
results generated with sQTLseeker with false discovery rate P-value <0.05 were retained. For
all gene-level eQTLs, if at least 1 SNP passed the tissue-specific empirical threshold in
GTEX, the best SNP for that eQTL was always retained. All gene-level eQTL SNPs with P-
value < 1.67x101! were also retained, reflecting a global threshold correction of P-value

=0.05/(30,000 genes x 1,000,000 tests).
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Pathway analyses

We used DEPICT (Data-driven Expression-Prioritized Integration for Complex Traits) % to
infer genes and pathways that were enriched by variants associated with plasma FVIII and
VWEF. All independent SNPs (defined with r’< 0.95 in every 500 Kb region, using 1000G-
v3_GIANT reference data downloaded from
http://csg.sph.umich.edu/abecasis/mach/download/1000G.2012-03-14.html) with p-value <
10 from the European-specific analysis were used as input for the pathway analysis, as

recommended in the pipe-line.

Mendelian Randomization

The final variants composing instrumental variables (IV) for FVIII and VWEF are listed in
Supplementary Table 2a. We conducted MR-Egger regressions %! and weighted median
estimates (WME ) %2 to diagnose whether the instrumental variables for the main analysis
estimates were valid. To avoid bias due to pleiotropic effect in MR, we visually examined the
causal effect estimates produced by each of the individual variants using scatter plots, funnel
plots, and forest plots (Supplementary Figure 2), and calculated heterogeneity statistics.'%
This allowed us to select IV as follows: first, we removed the ABO and HLA loci, which
showed known effects with multiple CVD related traits; second, we further removed the
DABIZP locus for IV of VWF, which was suggested to be an outliner in the heterogeneity
test for IVW estimate of VWF effect on CAD; third, we also tested the directional
pleiotropic effect using the Egger regression, but no locus was suggested further
removed in this step (Supplementary Table 4).

For the multivariate MR approach to test the causal association of FVI11 independent of
VWEF, we used all loci associated with at least one of FVIII and VWEF after exclusion

strategies. If different sentinel SNPs were reported for FVIII and VWEF in the same locus (but



in LD with each other), then a random SNP was selected from these two to represent the

locus.

STUDY DESCRIPTIONS

The Age, Gene/Environment Susceptibility-Reykjavik Study (AGES-Reykjavik) was
initiated in 2002. AGES-Reykjavik was designed to examine risk factors, including
genetic susceptibility and gene/environment interaction, in relation to disease and
disability in old age 1%. The AGES-Reykjavik sample is drawn from an established
population-based cohort, the Reykjavik Study. This cohort of men and women born
between 1907 and 1935 has been followed in Iceland since 1967 by the Icelandic Heart
Association. The concentration of von Willebrand factor was determined by means of a

sensitive enzyme immunoassay 1%,

The Atherosclerosis Risk in Communities (ARIC) study has been described in detail
previously 1%, Men and women aged 45-64 years at baseline were recruited from four
communities: Forsyth County, North Carolina; Jackson, Mississippi; Minneapolis,
Minnesota; and Washington County, Maryland. A total of 15,792 individuals, predominantly
White and African American, participated in the baseline examination in 1987-1989, with
three additional triennial follow-up examinations and a fifth exam in 2011-2013, and a sixth
exam in 2016-2017. FVIII activities was measured using a clotting assay (% activity) while
VWEF antigen was measured using ELISA (% antigen) 1°7:1% jn plasma samples obtained at

the baseline examination.

The British 1958 birth cohort (B58C) is a national population sample followed

periodically from birth. At age 44-45 years, 9377 cohort members were examined by a



research nurse in the home as described previously and non-fasting blood samples were
collected with permission for DNA extraction and creation of immortalised cell cultures
109 DNA samples from unrelated subjects of white ethnicity, with nationwide geographic
coverage, were genotyped either by the Wellcome Trust Case Control Consortium
(WTCCC), the Type 1 Diabetes Genetics Consortium, or the GABRIEL consortium 10-112,
Details of the blood collection, VWF measurement and covariate adjustment have been
described elsewhere 3. In brief, VWF antigen was measured by ELISA assays that used a
double-antibody sandwich (DAKO, Copenhagen, Denmark). The standard curve was
constructed using the 9th British standard for Blood Coagulation Factors from the
National Institute for Biological Standards and Controls (NIBSC), South Mimms,
Herefordshire UK, and the results were expressed as International units/decilitre (1U/dl).
As a control, the pooled plasma of 20 healthy middle-aged persons was run on each
ELISA plate. The intra-assay CV was 6%, the inter-assay CV was 8%, and reference range
was 50 to 200 1U/dI. Measurements were adjusted for sex, laboratory batch, time of day,
month of examination, and postal delay. Adjustment for age was not required as all
subjects were aged 44-45 years. Use of anticoagulant therapy was a contraindication to
blood sampling. Valid VWF measurements were available for 6093 (93.9%) of the 6491

subjects with genotype data.

The Coronary Artery Risk Development in Young Adults (CARDIA) study is a
prospective multicenter study with 5115 Caucasian and African American participants ages
18-30 years at baseline, recruited from four centers. The recruitment was done from the total
community in Birmingham, AL, from selected census tracts in Chicago, IL and Minneapolis,
MN; and from the Kaiser Permanente health plan membership in Oakland, CA. The details of

the study design for the CARDIA study have been published before 4. Nine examinations



have been completed since the baseline examination in 1985-1986, with follow-up
examinations 2, 5, 7, 10, 15, 20, 25, and 30 years after baseline. Coagulation FVII1I and VWF
were measured in plasma citrate 1*°. FVI1l coagulant activities were assayed by a one-stage
system with reagents from Pacific Hemostasis and George King Biomedical, Inc. The
standard curve was prepared by using universal reference plasma from Curtin Matheson
Scientific and the results calculated as a percentage of standard with the data management
system of the MLAElectra 800. von Willebrand antigen was measured by an enzyme-linked

immunosorbent assay obtained from American Bioproducts Co 116,

The Cardiovascular Health Study (CHS) is a population-based cohort study of risk factors
for coronary heart disease and stroke in adults >65 years conducted across four field centers
117 The original predominantly European -ancestry cohort of 5,201 persons was recruited in
1989-1990 from random samples of the Medicare eligibility lists; subsequently, an additional
predominantly African-American cohort of 687 persons were enrolled for a total sample of
5,888. Blood samples were drawn from all participants at their baseline examination and
DNA was subsequently extracted from available samples. Genotyping was performed at the
General Clinical Research Center’s Phenotyping/Genotyping Laboratory at Cedars-Sinai
among CHS participants who consented to genetic testing and had DNA available using the
[llumina 370CNV BeadChip system (for European ancestry participants, in 2007) or the
[llumina HumanOmnil-Quad_v1 BeadChip system (for African-American participants, in
2010). CHS was approved by institutional review committees at each field center.
Participants included in the present analyses had available DNA and gave informed consent
including consent to use of genetic information for the study of cardiovascular disease. FVIII
activity determined by using factor VIlI-deficient plasma (Organon-Teknika) and partial

thromboplastin (Organon-Teknika) 8. Unassayed pooled normal plasma (George King



Biomedical, Overland Park, KS, USA) was used as the standard and calibrated with the
World Health Organization reference plasma for both assays. Activity measured using Coag-
A-Mate X2 (Organon-Teknika). Values were expressed as percentage of the standard. The

intra-assay CV was 12.6% and inter-assay CV was 13.8%. No reference range available.

The CROATIA-Vis study, Croatia, is a family-based, cross-sectional study in the isolated
island of Vis that included 1,056 examinees aged 18-93. Blood samples were collected in
2003 and 2004 along with many clinical and biochemical measures and lifestyle and health
questionnaires. The VWF antigen was measured by ELISA assays that used a double-

antibody sandwich (DAKO, Copenhagen, Denmark).

The Framingham Heart Study (FHS) was started in 1948 with 5,209 randomly
ascertained participants from Framingham, Massachusetts, US, who had undergone
biannual examinations to investigate cardiovascular disease and its risk factors. In 1971,
the Offspring cohort (comprising 5,124 children of the original cohort and the children's
spouses) and in 2002, the Third Generation (consisting of 4,095 children of the Offspring
cohort) were recruited. FHS participants in this study are of European ancestry. The
methods of recruitment and data collection for the Offspring and Third Generation cohorts
have been described elsewhere 1%°. Von Willebrand factor was assessed using ELISA at
exam 5 (1991-1995) in the Offspring cohort. In our laboratory, the intra-assay coefficient

of variation was 8.8%. No reference range is available %°,

The Genes and Blood-Clotting Study (GABC) consists of a cohort of 1,150 healthy siblings

recruited from the University of Michigan, Ann Arbor, between June 26, 2006 and January

30, 2009. Participants were between the ages of 14 and 35 y, and had at least one eligible

10



healthy sibling. Subjects who indicated that they were pregnant, had a known bleeding or
blood-clotting disorder, or any illness requiring regular medical care were excluded. All
participants provided informed consent. Subjects completed an online phenotyping survey
and donated a blood sample for DNA extraction and plasma biochemical phenotyping. VWF
levels were determined at the University of Michigan using a custom AlphalLISA™ assay
(Perkin-Elmer), which utilized a polyclonal anti-von Willebrand factor antibody from DAKO

Cytomation.

The GAIT (Genetic Analysis of Idiopathic Thrombophilia) project is a family based study
where 935 subjects in 35 extended pedigrees were collected. To be included in the study, a
family was required to have at least 10 living individuals in 3 or more generations. Families
were selected through a proband with idiopathic thrombophilia, which was defined as
recurrent thrombotic events (at least one of which was spontaneous), a single spontaneous
thrombotic episode plus a first-degree relative also affected, or onset of thrombosis before
age 45. Thrombosis in these probands was considered idiopathic when biological causes as
antithrombin deficiency, protein S and C deficiencies, activated protein C resistance,
plasminogen deficiency, heparin cofactor 11 deficiency, Factor V Leiden, dysfibrogenemia,
lupus anticoagulant and antiphospholipid antibodies, were excluded. Subjects were
interviewed by a physician to determine their health and reproductive history, current
medications, alcohol consumption, use of sex hormones (oral contraceptives or hormonal
replacement therapy) and their smoking history. The study was performed according to the
Declaration of Helsinki. All procedures of the study were reviewed by the Institutional
Review Board of the Hospital de la Santa Creu i Sant Pau, Barcelona, Spain. Adult subjects
gave informed consent for themselves and for their minor children. Coagulation factors were

measured in platelet-poor citrated plasma 2. Coagulation FV1I1 was assayed with deficient

11



plasma from Diagnostica Stago (Asnieres). von Willebrand factor was measured by an

ELISA method with antibodies from Dako. To reduce measurement error, assays were

performed in duplicate, and the average value was calculated for each person. Intra-assay and

interassay coefficients of variation were generally estimated to be between 2% and 6%.

GeneSTAR (Genetic Study of Atherosclerosis Risk) is an ongoing prospective family
study begun in 1983 to explore the causes of early-onset cardiovascular disease. Probands
with an early-onset coronary disease event prior to 60 years of age were identified at the
time of hospitalization in any of 10 Baltimore area hospitals. Their apparently healthy 30-
59 year old siblings without known CAD were initially recruited and screened between
1983 and 2006; offspring of the siblings and probands, as well as the co-parent of these
offspring, were recruited and assessed between 2003 and 2006. In this study, European
and African American participants with both genotyping with the Illumina
HumanlMv1l_C chip and measured VWF were included. Levels of VWF were measured

using ELISA at the University of Maryland Cytokine Laboratory.

The Ludwigshafen Risk and Cardiovascular Health (LURIC) study is a monocentric
hospital based prospective study including 3316 individuals referred for coronary

angiography recruited in the Ludwigshafen Cardiac Center, southwestern Germany from

1997 — 2000. Clinical indications for angiography were chest pain or a positive non-invasive

stress test suggestive of myocardial ischemia. To limit clinical heterogeneity, individuals
suffering from acute illnesses other than acute coronary syndrome, chronic non-cardiac
diseases and a history of malignancy within the five past years were excluded. All

participants were of European ancestry and completed a detailed questionnaire which

gathered information on medical history, clinical, and lifestyle factors. Study protocols were

12



approved by the ethics committee of the "Landesérztekammer Rheinland-Pfalz" and the study
was conducted in accordance with the "Declaration of Helsinki”. Informed written consent
was obtained from all participants. Coronary heart disease at baseline was defined as the
presence of a visible luminal narrowing (>50% stenosis) in at least one of 15 coronary
segments according to the classification of the American Heart Association. Fasting blood
samples were obtained by venipuncture in the early morning and stored for later analyses.
Coagulation FVIII and VWF were measured in plasma using methods previously described
122 For this study a subset of 3061 Samples were used that had been genotyped on an

Affymetrix 6.0 array.

The MARseille THrombosis Association (MARTHA) project has already been extensively
123 1t is composed of unrelated subjects of European origin, with the majority being of
French ancestry, consecutively recruited at the Thrombophilia center of La Timone hospital
(Marseille, France) between January 1994 and October 2012. All patients had a documented
history of VT and free of well characterized genetic risk factors including AT, PC, or PS
deficiency, homozygosity for FV Leiden or FIl1 20210A, and lupus anticoagulant. They were
interviewed by a physician on their medical history, which emphasized manifestations of
deep vein thrombosis and pulmonary embolism using a standardized questionnaire. The
thrombotic events were confirmed by venography, Doppler ultrasound, spiral computed
tomographic scanning angiography, and/or ventilation/perfusion lung scan. Hemostasis-
related parameters were centrally performed using the Star automate and commercially
available kits and reagents from Diagnostica Stago (Asniéres, France) including the
corresponding normal and pathological control plasmas and standard plasmas. FVIII and
VWEF levels are respectively measured by VI11I:C using human FVIlI-deficient plasma in a 1-

stage factor assay and by STA LIATEST VWEF (Diagnostica Stago) on Star automate. They

13



were measured at least 3 months after the most recent VT event to minimize the effect of the
acute phase 1?4, From the 1542 MARTHA participants with GWAS data, 727 and 877 were

included for the present analyses on FVIII and VWF levels.

The Multiple Environmental and Genetic Assessment of risk factors for venous
thrombosis (MEGA) study is a large population-based case-control study ?°. Data
collection and ascertainment of venous thrombotic events have been previously described
in detail. In short, patients with a first deep vein thrombosis or pulmonary embolism were
recruited at six anticoagulation clinics in the Netherlands between 1999 and 2004. The
diagnosis of a deep vein thrombosis was based on compression ultrasonography, whereas
a pulmonary embolism was confirmed by perfusion and ventilation scintigraphy, helical
computed tomography or pulmonary angiography. Blood samples were taken at least 3
months after discontinuation of vitamin K antagonist treatment, unless patients were still
receiving anticoagulant therapy one year after their VT event. For the present analyses,
patients who were still receiving anticoagulant treatment at the time of blood collection
were excluded. Factor VIII activity levels were measured with a mechanical clot detection
method on an STA-R coagulation analyzer (Diagnostica Stago, Asnieres, France), whereas
von Willebrand factor antigen levels were measured with the immunoturbidimetric
method using the STA liatest kit (rabbit anti-human von Willebrand factor antibodies).

For genome-wide genotyping with the lllumina Human660-Quad Beadchip, we sampled
1,499 patients with a first episode of VVT. Patients with a cancer diagnosis were excluded.
Patients with genotyping success lower than 95% were excluded from the analyses as were
patients showing discrepancies between their reported and genotypic sex. Individuals
demonstrating a too high or low level of heterozygosity, close relatedness or non-

European ancestry were also excluded. Variants showing significant (P-value <1x10-°)

14



deviation from HWE, with MAF less than 1%, and with genotyping call rate <98% were
filtered out. After quality-control, Imputation to the 1000 Genomes population reference
(Phasel March 2012 release) was performed using IMPUTE?2 software. Association
analyses were conducted with the score test as implemented in SNPTEST, adjusting for

age, sex, and, the first three principal components.

The Multi-Ethnic Study of Atherosclerosis (MESA\) is a study of the characteristics of
subclinical cardiovascular disease and the risk factors that predict progression to clinically
overt cardiovascular disease or progression of the subclinical disease!?®. MESA consisted of a
diverse, population-based sample of an initial 6,814 asymptomatic men and women aged 45-
84. 38 percent of the recruited participants were white, 28 percent African American, 22
percent Hispanic, and 12 percent Asian, predominantly of Chinese descent. Participants were
recruited from six field centers across the United States: Wake Forest University, Columbia
University, Johns Hopkins University, University of Minnesota, Northwestern University and
University of California - Los Angeles. The first examination took place over two years, from
July 2000 - July 2002. Only individuals without clinical CVD were eligible. Each participant
received an extensive physical exam and determination of coronary calcification, ventricular
mass and function, flow-mediated endothelial vasodilation, carotid intimal-medial wall
thickness and presence of echogenic lucencies in the carotid artery, lower extremity vascular
insufficiency, arterial wave forms, electrocardiographic (ECG) measures, standard coronary
risk factors, sociodemographic factors, lifestyle factors, and psychosocial factors. It was
followed by four examination periods that were 17-20 months in length, and a sixth exam is
currently taking place. Factor VIII levels were determined by measuring the clot time of a
sample in factor V111 deficient plasma in the presence of activators utilizing the Sta-R

analyzer (STA-Deficient VIII; Diagnostica Stago, Parsippany, NJ). The assay was performed

15



at the Laboratory for Clinical Biochemistry Research (University of Vermont, Burlington,
VT). Results are given as percent factor VIII. The normal plasma range of factor VIII in
healthy adults ranges from 60-150%. The analytical coefficient of variation for the factor

VIl assay was 10%. von Willebrand factor (VWEF) was measured by immunoturbidimetric

assay on the Sta-R analyzer (liatest VWF; Diagnostica Stago, Parsippany, NJ). The assay
utilizes latex particles to which specific antibodies have been attached. In the presence of
antigen (VWF), the particles agglutinate to form aggregates, which absorb more light. This
increase in absorbance is proportional to the VWF present in the test sample. This assay was
performed at the Laboratory for Clinical Biochemistry Research (University of Vermont,
Burlington, VT). The results are presented as percent VWF. The expected range in healthy
adults is 50-160%. Intra- and inter-assay analytical coefficients of variation were 3.7% and

4.5%, respectively.

The Orkney Complex Disease Study (ORCADEYS) is a family-based, cross-sectional
study in the isolated Scottish archipelago of Orkney. Genetic diversity in this population is
decreased compared to Mainland Scotland, consistent with the high levels of endogamy
historically. Data for participants aged 18-100 years, from a subgroup of ten islands, were
used for this analysis. Fasting blood samples were collected and over 300 health-related
phenotypes and environmental exposures were measured in each individual. All
participants gave informed consent and the study was approved by Research Ethics
Committees in Orkney and Aberdeen. Subjects with self-reported non-European ancestry
were excluded. The VWEF antigen was measured by ELISA assays that used a double-

antibody sandwich (DAKO, Copenhagen, Denmark).

The PROspective Study of Pravastatin in the Elderly at Risk (PROSPER) was a

16



prospective multicenter randomized placebo-controlled trial to assess whether treatment
with pravastatin diminishes the risk of major vascular events in elderly. Between
December 1997 and May 1999, subjects were enrolled in Scotland (Glasgow), Ireland
(Cork), and the Netherlands (Leiden). Men and women aged 70-82 years were recruited if
they had pre-existing vascular disease or increased risk of such disease because of
smoking, hypertension, or diabetes. A total number of 5,804 subjects were randomly
assigned to pravastatin or placebo. A large number of prospective tests were performed
including Biobank tests and cognitive function measurements. A whole genome wide
screening has been performed in the sequential PHASE project with the use of the
Illumina 660K beadchip. Of 5,763 subjects DNA was available for genotyping.
Genotyping was performed with the Illumina 660K beadchip, after QC (call rate <95%)
5,244 subjects and 557,192 SNPs were left for analysis. Imputation was based on the
March 2012 1000G release using the IMPUTEZ2 imputation software. For this study, 4927

PROSPER participants with data on VWEF levels in citrate (ELISA) were analyzed.

The Rotterdam Study (RS-1 and RS-I1) is a prospective, population-based cohort study of
determinants of several chronic diseases in older adults *2”. RS-l comprised 7,983 inhabitants
of Ommoord, a district of Rotterdam in the Netherlands, who were 55 years or over. The
baseline examination took place between 1990 and 1993. In 1999, the cohort was extended to
include 3011 inhabitants who reached the age of 55 years after the baseline examination and
persons aged 55 years or older who migrated into the research area (RS-I1). Subjects are of
European ancestry based on their self-report. Factor VIII activity was measured with a one-
stage clotting assay by using a mixture of micronized silica and phospholipids (Platelin LS,
Biomerieux) and factor V1lI-deficient plasma (Biopool). The plasma concentrations were

expressed as percentage activity by relating the clotting time to a calibration curve
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constructed of a standardized control plasma. As a control, the pooled plasma of 50 healthy
middle-aged persons was used and three control samples were run with each batch of study
samples. The intra-assay CV was 2.9%, the inter-assay CV was 5.2%, and the reference range
was 0.70-1.40 U/ml. Von Willebrand factor antigen was measured with an in-house ELISA
with polyclonal rabbit anti-human VWF antibodies (DAKO). The intra-assay CV was 1.9%,

inter-assay CV was 6.3%, and the reference range was 0.60-1.40 U/ml.

The Trinity Student Study (TSS) consists of a cohort of 2,524 healthy, ethnically Irish
individuals, attending the University of Dublin, Trinity College, with ages between 18 and 28
years, recruited over one academic year in 2003—2004. Ethical approval was obtained from
the Dublin Federated Hospitals Research Ethics Committee, which is affiliated with the
Trinity College, and reviewed by the Office of Human Subjects Research at the National
Institutes of Health. Written informed consent was obtained from participants before
recruitment. VWEF levels were determined at the University of Michigan using a custom
AlphalLISA™ assay (Perkin-Elmer), which utilized a polyclonal anti-von Willebrand factor

antibody from DAKO Cytomation.
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Supplemental Figure S1a: Regional plot of PDHB, PXK, and KCTD6 loci for FVIII (top) and

VWEF (bottom) phenotypes
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Supplemental Figure S1b: Regional plot of SLC39A48 locus for FVIII (top) and VWF

(bottom) phenotypes in EU only

—logg(p-value)

—logo(p-value)

10 +

0.8
06
04
02

~ 100

~ 80
uy
{o
o
Q
3
=
=
0
=
=
)
@
=)
=
=
=
=

Homeostss% miodel assessmem‘rof beta—cell ncﬁonﬁi nteraction) 9 GWAS hits
HDL cholesterol Icerative colitis omited
ystemic lupus erythematosus Schizophrenia (treatment refractory)
BANKT—= =S C39A8 NFKB1—=>
HH—H+H— —HH— -
=—MANBA
H—HH—
I I I I I
1028 103 103.2 103.4 103.6
Position on chr4 (Mb)
10 2 | 100
156855246
® 08
06
8 — 80

04 T
0.2 8
2 Q
. 3
6 — o ® ) ® 60 >
% @ o) & . O%J ?;‘.
€] e =
4 - (] Ch% () 40 ©
®e %@ © & 3
=
=

T
Homeostas]ft model assessment of beta—cell fi ncnonanerammn) 9 GWAS hits
HDL cholesterol Ulcerative colitis omitted
emic lupus erythematosus Schizophrenia (treatment refractory)
BANK1—=> =—SLC39A8 NFKB1—>
HH—— -
< MANBA
-
I I | | I
102.8 103 103.2 1034 103.6

Position on chr4 (Mb)



Supplemental Figure S1c: Regional plot of FCHO2, TMEM171, and TNPO1 loci for FVIII
(top) and VWF (bottom) phenotypes
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Supplemental Figure S1d:
phenotypes

Regional plot of HLA locus for FVIII (top) and VWF (bottom)
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Supplemental Figure S1e: Regional plot of GIMAP7 and GIMAP4 loci for FVIII (top) and
VWEF (bottom) phenotypes
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Supplemental Figure S1f: Regional plot of SOX17 and RP1 loci for FVIII (top) and VWF
(bottom) phenotypes
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Supplemental Figure S1g: Regional plot of OR13C5 and NIPSNAP loci for FVIII (top) and

VWEF (bottom) phenotypes
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Supplemental Figure S1h: Regional plot of DABZIP locus for FVIII (top) and VWF
(bottom) phenotypes
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Supplemental Figure S1i: Regional plot of LINC00583 and NFIB loci for FVIII (top) and
VWEF (bottom) phenotypes
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Supplemental Figure S1j: Regional plot of ST3GAL4 locus for FVIII (top) and VWF

(bottom) phenotypes
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Supplemental Figure S1k: Regional plot of C2CD4B locus for FVIII (top) and VWF

(bottom) phenotypes
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Supplemental Figure S11: Regional plot of RAB5C and KAT2A loci for FVIII-VWF
phenotype
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Supplemental Figure S1m: Regional plot of RPL3, TAB1, SYNGR1, and PDGB loci for FVIII

(top) and VWF (bottom) phenotypes
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Supplemental Figure S1n: Regional plot of ARSA locus for FVIII-VWF phenotype
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Supplemental Figure S2: Scatter plots for the genetic associations between FVIII and
VWEF phenotypes and cardiovascular events: (a) coronary artery disease; (b) ischemic
stroke; and (c) venous thromboembolism. Plots before removing outliers.
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(b)

genetic associaiton with IS (log odds ratio)
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Supplemental Figure S3: Figure shows the hypothesized effect of the genes found in the present study in relation to the possible
regulatory points in VWF synthesis and secretion from endothelial cells. The specific regulatory point suggestion is based on previous
literature evidence. Of note, VWF clearance or regulation in platelets were not studied in our in vitro first-pass analyses.
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HRS phenotype measures that are not in dbGaP must submit a data access use agreement to
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Valenciana. Part of the DNA extractions and genotyping was performed at the Spanish
National Genotyping Centre (CEGEN- Barcelona). The authors are grateful to Silvia Fochs, Anna
Sanchez, Maribel Lépez, Nuria Pey, Muriel Ferrer, Amparo Quiles, Sandra Pérez, Gemma Leon,
Elena Romero, Maria Andreu, Nati Galiana, Maria Dolores Climent, Amparo Cases and Cristina
Capo for their assistance in contacting the families and administering the questionnaires. The
authors would particularly like to thank all the participants for their generous collaboration. A
full roster of the INMA Project Investigators can be found at
http://www.proyectoinma.org/presentacion-inma/listado-investigadores/en_listado-
investigadores.html.
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by the OAI Study Investigators. Genotyping support was provided by grant RC2-AR-058950 from
NIAMS/NIH. Private funding partners include Merck Research Laboratories; Novartis
Pharmaceuticals Corporation, GlaxoSmithKline; and Pfizer, Inc. Private sector funding for the OAI
is managed by the Foundation for the National Institutes of Health.

WTCCC2: Wellcome Trust Case-Control Consortium 2 (WTCCC2) was principally funded by
the

Wellcome Trust, as part of the Wellcome Trust Case Control Consortium 2 project
(085475/B/08/Z and

085475/Z/08/Z and WT084724MA). The Stroke Association provided additional support for
collection of some of the St George's, London cases. The Oxford cases were collected as part
of the Oxford Vascular Study which is funded by the MRC, Stroke Association, Dunhill
Medical Trust, National

Institute of Health Research (NIHR) and the NIHR Biomedical Research Centre, Oxford. The
Edinburgh Stroke Study was supported by the Wellcome Trust (clinician scientist award to C
Sudlow), and the Binks Trust. Sample processing occurred in the Genetics Core Laboratory of
the Wellcome Trust Clinical Research Facility, Western General Hospital, Edinburgh. Much of
the neuroimaging occurred in the Scottish Funding Council Brain Imaging Research Centre
(www.sbirc.ed.ac.uk), Division of Clinical Neurosciences, University of Edinburgh, a core area of
the Wellcome Trust Clinical Research Facility and part of the SINAPSE (Scottish Imaging
Network—A Platform for Scientific Excellence) collaboration (www.sinapse.ac.uk), funded by
the Scottish Funding Council and the Chief Scientist Office. Collection of the Munich cases and
data analysis was supported by the Vascular Dementia Research Foundation. M Farrall and
A Helgadottir acknowledge support from the BHF Centre of Research Excellence in Oxford and
the Wellcome Trust core award (090532/Z/09/Z). Barcelona The Neurovascular Research
Laboratory takes part in the International Stroke Genetics Consortium (ISGC), the Spanish
Stroke Genetics Consortium (www.genestroke.com), and the Cooperative Neurovascular
Research RENEVAS (RD06/0026/0010). This study was funded by a grant of the Spanish
government (PI10/01212.). The research leading to these results has received funding from
the European Union's Seventh Framework Programme (FP7/2007-2013) under grant
agreements
#201024 and #202213 (European Stroke Network). Belgium Stroke Study (BSS) was
supported by Erasme Funds. Edinburgh Stroke Study (ESS) (which contributed discovery cases
as part of WTCCC2 and additional replication cases) was supported as described above.
Lothian Birth Cohort 1936 was supported in part by Research into Aging, Help the Aged (Sidney
De Haan Award and The Disconnected Mind Major Gift Campaign), MRC, and UK
Biotechnology and Biological Sciences Research Council (BBSRC). Lothian Birth Cohort 1936
was also supported by a programme grant from Research Into Ageing and continues with
programme grants from Help the Aged/Research Into Ageing (Disconnected Mind). The work
was undertaken by The University of Edinburgh Centre for Cognitive Ageing and Cognitive
Epidemiology, part of the cross council Lifelong Health and Wellbeing Initiative
(G0700704/84698). Funding from the BBSRC, Engineering and Physical Sciences Research
Council (EPSRC), Economic and Social Research Council (ESRC), and MRC is gratefully
acknowledged. Genotyping of the LBC1936 was funded by the BBSRC.
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Secondary
Cohorts:

INTERSTROKE: We would like to acknowledge the Canadian Institutes of Health Research, Heart
and Stroke Foundation of Canada, Canadian Stroke Network, Pfizer Cardiovascular Award,
Merck, AstraZeneca, and Boehringer Ingelheim.

MILANO: Milano- Besta Stroke Register Collection and genotyping of the Milan cases within
CEDIR

were supported by Annual Research Funding of the Italian Ministry of Health (Grant
Numbers: RC

2007 /LR6, RC 2008/LR6; RC 2009/LR8; RC 2010/LR8). FP6 LSHM-CT-2007-037273 for the
PROCARDIS control samples.

PROSPER: The Prospective Study on Pravastatin in the Elderly at Risk (PROSPER) was supported
by an investigator initiated grant obtained from Bristol-Myers Squibb. Prof. Dr. J. W.
Jukema is an Established Clinical Investigator of the Netherlands Heart Foundation (grant 2001
D 032). Support for genotyping was provided by the seventh framework program of the
European commission (grant

223004) and by the Netherlands Genomics Initiative (Netherlands Consortium for Healthy Aging
grant

050-060-

810).

RACE: We are thankful to the RACE study participants. Fieldwork in RACE was funded by the R-
21 grant provided by the NINDS and the Fogarty International Center (1R21NS064908-01) and
educational grants available to Dr. Saleheen at the Center for Non-Communicable Diseases,
Pakistan. We would also like to acknowledge the contributions made by Professor John
Danesh, Dr. Ayeesha Kamal and Professor Panos Deloukas.

SIGNET: The Sea Islands Genetics Network (SIGNET) was supported by R01 DK084350 (MM
Sale) from the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), and
consists of data from the REasons for Geographic And Racial Differences in Stroke (REGARDS)
cohort, (U01

NS041588; G Howard), Project SUGAR (Sea Islands Genetic African American Registry) (W.M.
Keck Foundation; WT Garvey), a South Carolina Center of Biomedical Research Excellence
(COBRE) in Oral Health Project P20 RR017696 (PI: Kirkwood; Sub-award: JK Fernandes), and the
Systemic Lupus Erythematosus in Gullah Health (SLEIGH) study (PI: GS Gilkeson; K23
AR052364, DL Kamen; UL1

RR029882, KT Brady). Only data from the SIGNET-REGARDS sub-study were included in
the current analyses. REGARDS is supported by a cooperative agreement U01 NS041588
from the National Institute of Neurological Disorders and Stroke (NINDS), National Institutes of
Health (NIH), Department of Health and Human Service. The content is solely the responsibility
of the authors and does not necessarily represent the official views of the NIDDK, NINDS or the
NIH. Representatives of the funding agencies have been involved in the review of the
manuscript but not directly involved in the collection, management, analysis or interpretation
of the data. The authors thank the other investigators, the staff, and the participants of the
REGARDS study for their valuable contributions. A full list of participating REGARDS
investigators and institutions can be found at http://www.regardsstudy.org

Utrecht ImmunoChip/PROMISe: S.Achterberg was supported by in part by a grant from the

Netherlands Heart Foundation, (grant no 2005B031) and a grant from the Dutch Brain
Foundation (project 2008(1).10).
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VHIR-FMT-Barcelona: The Barcelona GWAs Study was supported by the Genetic contribution
to functional Outcome and Disability after Stroke (GODS) project, Fundaci6 la Marat6 de TV3,
GENERACION Project (Instituto de Salud Carlos III: PI15/01978), Pre-Test Stroke Project
(Instituto de Salud Carlos III: PMP15/00022) and by the Miguel Servet grant (Pharmastroke
project: CP12/03298). Neurovascular research Laboratory and the Stroke Pharmacogenomics
and Genetics lab take part in the INVICTUS+ network. I. F-C. is supported by the Miguel Servet
programme (CP12/03298), Instituto de Salud Carlos III.

WGHS: The WGHS is supported by the National Heart, Lung, and Blood Institute
(HL043851, HL080467, and HL099355) and the National Cancer Institute (CA047988 and
UM1CA18291 3), with collaborative scientific support and funding for genotyping provided by
Amgen.

WHI-HT: WHI Funding support for WHI-GARNET was provided through the NHGRI GARNET
(Grant Number U01 HG005152). Assistance with phenotype harmonisation and genotype
cleaning, as well as with general study coordination, was provided by the GARNET
Coordinating Center (UO1

HG005157). Funding support for genotyping, which was performed at the Broad Institute of
MIT and

Harvard, was provided by the NIH Genes, Environment, and Health Initiative (GEL; U01
HG004424).

CHARGE

AGES: Age, Gene/Environment Susceptibility (AGES) -Reykjavik The study was funded by
the National Institute on Aging (NIA)(N01-AG-12100), Hjartavernd (the Icelandic Heart
Association), and the Althingi (the Icelandic Parliament), with contributions from the
Intramural Research Programs at the NIA, the National Heart, Lung, and Blood Institute, and
the National Institute of Neurological Disorders and Stroke (Z01 HL004607-08 CE).

ARIC: The Atherosclerosis Risk in Communities study was performed as a collaborative study
supported by National Heart, Lung, and Blood Institute (NHLBI) contracts
(HHSN268201100005C, HSN268201100006C, HSN268201100007C, HHSN268201100008C,
HHSN268201100009C, HHSN268201100010C, HHSN268201100011C, and
HHSN268201100012C), RO1HL70825, RO1HL087641, RO1HL59367, and RO1HL086694;
National Human Genome Research Institute contract U01HG004402; and National Institutes
of Health (NIH) contract HHSN268200625226C. Infrastructure was partly supported by grant
No. UL1RR025005, a component of the NIH and NIH Roadmap for Medical Research. This
project was also supported by NIH RO1 grant NS087541 to MF. CHS: This CHS research was
supported by NHLBI contracts HHSN268201200036C, HHSN268200800007C,
NO1HC55222, NO1HC85079, NO1HC85080, NO1HC85081, NO1HC85082, NO1HC85083,
NO1HC85086, and HHSN268200960009C; and NHLBI grants U01HL080295, RO1HL087652,
RO1HL105756, RO1HL103612, RO1HL120393, and RO1HL130114 with additional
contribution from the National Institute of Neurological Disorders and Stroke (NINDS).
Additional support was provided through R01AG023629 from the National Institute on Aging
(NIA). A full list of principal CHS investigators and institutions can be found at CHS-
NHLBIl.org. The provision of genotyping data was supported in part by the National Center for
Advancing Translational Sciences, CTSI grant UL1TR000124, and the National Institute of
Diabetes and Digestive and Kidney Disease Diabetes Research Center (DRC) grant DK063491 to
the Southern California Diabetes Endocrinology Research Center. The content is solely the
responsibility of the authors and does not necessarily represent the official views of the
National Institutes of Health.

FHS: This work was supported by the National Heart, Lung and Blood Institute's Framingham
Heart Study (Contract No. NO1-HC-25195 and No. HHSN268201500001I) and its contract with
Affymetrix, Inc. for genotyping services (Contract No. NO2-HL-6-4278). A portion of this
research utilized the Linux Cluster for Genetic Analysis (LinGA-II) funded by the Robert Dawson
Evans Endowment of the Department of Medicine at Boston University School of Medicine and
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Boston Medical Center. This study was also supported by grants from the National Institute of
Neurological Disorders and Stroke (R01 NS017950), the National Heart, Lung and Blood
Institute (RO1 HL093029) and the National Institute of Aging (R01s AG033193, AG008122,
AG016495,U01 AG049505).

FINRISK: V.S. was supported by the Academy of Finland (grant #139635) and the Finnish
Foundation for Cardiovascular Research

HEALTH ABC: The Health ABC Study was supported by NIA contracts N01AG62101,
N01AG62103, and NO1AG62106 and, in part, by the NIA Intramural Research Program. The
genome-wide association study was funded by NIA grant 1R01AG032098-01A1 to Wake Forest
University Health Sciences and genotyping services were provided by the Center for Inherited
Disease Research (CIDR). CIDR is fully funded through a federal contract from the National
Institutes of Health to The Johns Hopkins University, contract number
HHSN268200782096C. This study utilized the high-performance computational capabilities of
the Biowulf Linux cluster at the National Institutes of Health, Bethesda, Md.
(http://biowulfnih.gov).

Rotterdam Study: The generation and management of GWAS genotype data for the Rotterdam
Study is supported by the Netherlands Organisation of Scientific Research NWO Investments (nr.
175.010.2005.011, 911-03-012). This study is funded by the Research Institute for Diseases
in the Elderly (014-93-015; RIDE2), the Netherlands Genomics Initiative (NGI) /Netherlands
Organisation for Scientific Research (NWO) project nr. 050-060-810. The Rotterdam Study is
funded by Erasmus

Medical Center and Erasmus University, Rotterdam, Netherlands Organization for the Health
Research and Development (ZonMw), the Research Institute for Diseases in the Elderly (RIDE),
the Ministry of Education, Culture and Science, the Ministry for Health, Welfare and Sports, the
European Commission (DG XII), and the Municipality of Rotterdam. MAI is supported by an NWO
Veni grant (916.13.054). SHIP: SHIP is part of the Community Medicine Research net of the
University of Greifswald, Germany, which is funded by the Federal State of Mecklenburg-West
Pomerania. The data collections underlying this work have been funded by the Federal Ministry
of Education and Research (grants no. 01279603,

01Z70103,and 01ZZ0403), the Ministry of Cultural Affairs as well as the Social Ministry of the
Federal State of Mecklenburg-West Pomerania, and the German Research Foundation
(SCHM 2744/1-1). Genome-wide data have been supported by the Federal Ministry of
Education and Research (grant no.

03ZIK012) and a joint grant from Siemens Healthcare, Erlangen, Germany and the Federal
State of

Mecklenburg- West

Pomerania.

WGHS: The WGHS is supported by HL043851, HL080467, and HL099355. from the National
Heart, Lung, and Blood Institute and CA047988 from the National Cancer Institute with
collaborative scientific support and funding for genotyping provided by Amgen.

MESA: MESA and the MESA SHARe project are conducted and supported by the National
Heart,

Lung, and Blood Institute (NHLBI) in collaboration with MESA investigators. Support for MESA
is provided by contracts HHSN268201500003], N0O1-HC-95159, N01-HC-95160, N01-HC-95161,
NO1- HC-95162, N01-HC-95163, N01-HC-95164, N01-HC-95165, N01-HC-95166, NO1-HC-
95167, NO1- HC-95168, N01-HC-95169, UL1-TR-000040, UL1-TR-001079, UL1-TR-001420,
UL1-TR-001881, and DK063491. Funding for SHARe genotyping was provided by NHLBI
Contract N02-HL-64278. Genotyping was performed at Affymetrix (Santa Clara, California,
USA) and the Broad Institute of Harvard and MIT (Boston, Massachusetts, USA) using the
Affymetrix Genome-Wide Human SNP Array 6.0.

PROSPER: The PROSPER study was supported by an investigator initiated grant obtained
from Bristol-Myers Squibb. Prof. Dr. J. W. Jukema is an Established Clinical Investigator of the
Netherlands Heart Foundation (grant 2001 D 032). Support for genotyping was provided by the
seventh framework program of the European commission (grant 223004) and by the
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Netherlands Genomics Initiative (Netherlands Consortium for Healthy Aging grant 050-060-
810).

TWINGENE: This work was supported by grants from the Ministry for Higher Education, the
Swedish

Research Council (M-2005-1112 and 2009-2298), GenomEUtwin (EU/QLRT-2001-01254; QLG2-
CT-

2002-01254), NIH grant DK U01-066134, The Swedish Foundation for Strategic Research
(SSF; ICA08-0047).

ULSAM: This work was supported by grants from Uppsala University, Swedish Research
Council (2012-1397), Swedish Heart-Lung Foundation (20140422), Knut och Alice Wallenberg
Foundation, European Research Council, Swedish Diabetes Foundation (2013-024). Andrew P
Morris is a Wellcome Trust Senior Fellow in Basic Biomedical Science (grant numbers
WT064890, WT090532 and WT098017)

3C: The 3-City Study is conducted under a partnership agreement among the Institut National
de la Santé et de la Recherche Médicale (INSERM), the University of Bordeaux, and Sanofi-
Aventis. The Fondation pour la Recherche Médicale funded the preparation and initiation of the
study. The 3C Study is also supported by the Caisse Nationale Maladie des Travailleurs Salariés,
Direction Générale de la Santé, Mutuelle Générale de 'Education Nationale (MGEN), Institut de
la Longévité, Conseils Régionaux of Aquitaine and Bourgogne, Fondation de France, and
Ministry of Research-INSERM Programme “Cohortes et collections de données biologiques.” This
work was supported by the National Foundation for Alzheimer’s Disease and Related Disorders,
the Institut Pasteur de Lille, the Centre National de Génotypage and the LABEX (Laboratory of
Excellence program investment for the future) DISTALZ - Development of Innovative Strategies
for a Transdisciplinary approach to ALZheimer’s

disease. Stéphanie Debette is supported by a grant from the Fondation Leducq, a starting grant
from the European Research Council, a grant from the Joint Programme of Neurodegenerative
Disease research, and the Initiative of Excellence of Bordeaux University.

EPIC: EPIC was funded by the UK Medical Research Council (G0800270), British Heart
Foundation (SP/09/002), UK National Institute for Health Research Cambridge Biomedical
Research Centre, European Research Council (268834), European Commission Framework
Programme 7 (HEALTH- F2-2012-279233).

AIDHS/SDS: This work was supported by NIH grants -R01DK082766 funded by the National
Institute of Health (NIDDK) and NOT-HG-11-009 funded by NHGRI, VPR Bridge Grant and
Harold Hamm Enrichment Grants from University of Oklahoma Health Sciences Center.
Authors thank all the participants of AIDHS/SDS and are grateful for their contribution in this
study.

VHIR-FMT-Barcelona:The Barcelona GWAs Study was supported by the Genetic contribution
to functional Outcome and Disability after Stroke (GODS) project, Fundaci6 la Marat6 de TV3 and
by the Miguel Servet grant (Pharmastroke project: CP12/03298). Neurovascular research
Laboratory takes part in the INVICTUS network. I. F-C. is supported by the Miguel Servet
programme (CP12/03298), Instituto de Salud Carlos IIL

Biobank Japan:
We would like to express our greatfulness to all the members of ]-MICC, JPHC, and TMM. We

extend our appreciation to staffs of BB] for their outstanding assistance. This study was funded by
the BioBank Japan project, which is supported by the Ministry of Education, Culture, Sports,
Sciences and Technology (MEXT) of Japanese government and the Japan Agency for Medical
Research and Development (AMED).

CADISP: The Cervical Artery Dissections and Ischemic Stroke Patients (CADISP) study has

been supported by Inserm, Lille 2 University, Institut Pasteur de Lille and Lille University

Hospital and received funding from the ERDF (FEDER funds) and Région Nord-Pas de Calais in the
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frame of Contrat de Projets Etat-Region 2007-2013 Région Nord-Pas-de-Calais - Grant
N°09120030, Centre National de Genotypage, Emil Aaltonen Foundation, Paavo Ilmari
Ahvenainen Foundation, Helsinki University Central Hospital Research Fund, Helsinki University
Medical Foundation, Paivikki and Sakari Sohlberg Foundation, Aarne Koskelo Foundation, Maire
Taponen Foundation, Aarne and Aili Turunen Foundation, Lilly Foundation, Alfred Kordelin
Foundation, Finnish Medical Foundation, Orion Farmos Research Foundation, Maud Kuistila
Foundation, the Finnish Brain Foundation, Biomedicum Helsinki Foundation, Projet Hospitalier
de Recherche Clinique Régional, Fondation de France, Génopole de Lille, Adrinord, Basel
Stroke-Funds, Kathe-Zingg-Schwichtenberg-Fonds of the Swiss Academy of Medical Sciences,
Swiss Heart Foundation.

MPA

CHS: The CHS study was supported by National Heart, Lung, and Blood Institute contracts
HHSN268201200036C, HHSN268200800007C, NO1HC55222, NO1HC85079, NO1HC85080,
N01HC85081, NO1HC85082, NO1HC85083, NO1HC85086; and NHLBI grants U0 1HL080295,
RO1HL087652, RO1HL105756, RO1HL103612, RO1HL120393, RO1HL130114, and
RO1HL085251 with contributions from the National Institute of Neurological Disorders and
Stroke. Additional support

was provided through R01AG023629 from the National Institute on Aging. A full list of principal
CHS investigators and institutions can be found at CHS-NHLBI.org. The provision of genotyping
data were supported, in part, by the National Center for Advancing Translational Sciences, grant
UL1TR000124, and the National Institute of Diabetes and Digestive and Kidney Disease
Research Center grant DK063491 to the Southern California Diabetes Endocrinology Research
Center. The content is solely the responsibility of the authors and does not necessarily represent
the official views of the NIH.

HANDLS: Healthy Aging in Neighborhoods of Diversity across the Life Span was supported by
the Intramural Research Program of the NIH, National Institute of Aging and the National
Center on Minority Health and Health Disparities (project no. Z01-AG000513 and human
subjects protocol no.

2009-

149).

INTERSTROKE: The INTERSTROKE study was supported by the Canadian Institutes of
Health Research, Heart and Stroke Foundation of Canada, Canadian Stroke Network, Health
Research Board Ireland, Swedish Research Council, Swedish Heart and Lung Foundation, The
Health & Medical Care Committee of the Regional Executive Board, Region Vastra Gotaland
(Sweden), AstraZeneca, Boehringer Ingelheim (Canada), Pfizer (Canada), MSD, Chest, Heart
and Stroke Scotland, and The Stroke Association, with support from The UK Stroke Research
Network. Microarray genotyping for a subset of INTERSTROKE participants was funded by the
Heart and Stroke Foundation of Canada Grant

NA-6872 (PI: Drs Pare, Anand, O’'Donnell, Xie, Yusuf).

ISGS and SWISS: Ischemic Stroke Genetics Study (ISGS) and Siblings with Ischemic Stroke
Study

(SWISS) were supported by the National Institute of Neurological Disorders and Stroke grants
(RO1

NS42733; Pl Meschia) and (RO1NS39987; PI Meschia), respectively with additional support, in
part, from the Intramural Research Program of the National Institute of Aging (Z01
AG000954-06; PI Singleton). Both studies used samples and clinical data from the NIH-
NINDS Human Genetics Resource Center DNA and Cell Line Repository, human subjects
protocol no. 2003-081 and 2004-147.
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SIGNET-REGARDS: We would like to thank all of the participants of the REGARDS Study for
their valuable contributions, as well as REGARDS investigators and staff. The Sea Islands
Genetics Network (SIGNET) was supported by R01 DK084350 (MM Sale), and SIGNET-
REGARDS consists of data from the REasons for Geographic And Racial Differences in Stroke
(REGARDS) cohort, supported by a cooperative agreement U01 NS041588 (G Howard).

VISP: Vitamin Intervention for Stroke Prevention (VISP) was funded by the National
Institute of Neurological Disorders and Stroke (R01-NS34447). Genome-wide association study
data for a subset of VISP participants supported by the National Human Genome Research
Institute (U01-HG005160), as part of the Genomics and Randomized Trials Network (PI: Drs Sale
and Worrall).

JHS: The Jackson Heart Study is supported by contracts HHSN268201300046C,
HHSN268201300047C, HHSN268201300048C, HHSN268201300049C, HSN268201300050C
from the National Heart, Lung, and Blood Institute and the National Institute on Minority Health
and Health Disparities. The authors also wish to thank the staffs and participants of the JHS.
A full list of the participating institution and investigators can be found at
https://www.jacksonheartstudy.org/jhsinfo/Home/tabid /36 /Default.aspx.

WHI: The WHI program is funded by the National Heart, Lung, and Blood Institute, National
Institutes of Health, U.S. Department of Health and Human Services through contracts
HHSN268201600018C, HHSN268201600001C, HHSN268201600002C, HHSN268201600003C,
and HHSN268201600004C.

The authors thank the WHI investigators and staff for their dedication and the study
participants for making the program possible. A full listing of WHI investigators can be
found at:
http://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI%20Investig
ator%20

Long%Z20List.pdf.

Glasgow Stroke Sample: The work was supported by NHS Greater Glasgow Endowment funds.

Helsinki 2000 Ischemic Stroke Genetics Study: The study was supported by the Finnish

Medical Foundation and the Helsinki University Central Hospital governmental subsidiary
funds for clinical research. The investigators would like to thank Marja Metso, RN for her
support of the study.

Hisayama-FSR study:

We thank Prof. Takanari Kitazono and Prof. Masahiro Kamouchi (Graduate School of
Medical

Sciences, Kyushu University, Fukuoka, Japan) for collecting clinical

samples.

HVH1& 2:
The Heart and Vascular Health Study was supported by NHLBI grants ROTHL085251,
R0O1HL073410, and RO1HL068986.

INTERSTROKE: We would like to acknowledge the Canadian Institutes of Health Research,
Heart and Stroke Foundation of Canada, Canadian Stroke Network, Pfizer Cardiovascular
Award, Merck, AstraZeneca, and Boehringer Ingelheim.

MDC: The Malmo Diet and Cancer Study was supported by the Swedish Research Council
(Vetenskapsradet), Heart and Lung Foundation (Hjart och Lungfonden), and Swedish Stroke
Foundation (Strokeférbundet).

RACE: Fieldwork in RACE was funded by the R-21 grant provided by the NINDS and the
Fogarty International Center (1R21NS064908-01) and educational grants available to Dr.
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Saleheen at the Center for Non-Communicable Diseases, Pakistan. We would also like to
acknowledge the contributions made by Professor John Danesh, Dr. Ayeesha Kamal and
Professor Panos Deloukas.

SAHLSIS: The Sahlgrenska Academy Study of Ischemic Stroke was supported by the
Swedish Research Council (K2014-64X-14605-12-5), the Swedish Heart and Lung Foundation,
the Swedish state/Sahlgrenska University Hospital (ALFGBG-429981), the Swedish Stroke
Association, the Swedish Society of Medicine, and the Rune and Ulla Amlév Foundation.

SIFAP: The sifap study (Stroke In Young Fabry Patients, http://www.sifap.eu;
ClinicalTrials.gov: NCT00414583) has been supported partially by an unrestricted scientific
grant from Shire Human Genetic Therapies. Funding for genotyping and analysis of samples
were supported by the National Institutes of Health Genes, Environment and Health Initiative
(GEI) Grant U01 HG004436, as part of the GENEVA consortium.

SLESS: This work was supported by a Stroke Association (UK) Programme Grant (PROG 3),
the National Institute for Health Research Biomedical Research Centre (NIHR BRC) at South
London and Maudsley NHS Foundation Trust and the National Institute for Health Research
(NIHR) Biomedical Research Centre based at Guy's and St Thomas' NHS Foundation Trust and
King's College London. Dr Rutten-Jacobs is supported by a British Heart Foundation Fellowship
(FS/15/61/31626). Dr Markus is

supported by the National Institute for Health Research Cambridge University Hospitals
Comprehensive Biomedical Research Centre and a National Institute for Health Research
Senior Investigator award.

UK - voung lacunar stroke DNA resource: Collection of the UK Young Lacunar Stroke DNA
Study (DNA Lacunar) was primarily supported by the Wellcome Trust (WT072952) with

additional support from the Stroke Association (TSA 2010/01). Genotyping of the samples,
and Dr Traylor, were supported by a Stroke Association Grant (TSA 2013/01). Dr Markus is
supported by the National Institute for Health Research Cambridge University Hospitals
Comprehensive Biomedical Research Centre and a National Institute for Health Research
Senior Investigator award. Matthew Traylor is funded by a BHF programme grant
RG/16/4/32218. Loes Rutten-Jacobs is supported by a BHF Early career fellowship BHF
/15/61/31626.

ICH

Funding provided as follows: GERFHS, NIH grants NS36695 and NS30678; GOCHA, NIH grant
RO1INS059727, the Keane Stroke Genetics Research Fund, the Edward and Maybeth Sonn
Research Fund, and the University of Michigan General Clinical Research Center M01
RR000042; ERICH, NIH grant NS069763; HM-ICH, Instituto de Salud Carlos III with the grants
“Registro BASICMAR” Funding for Research in Health (P1051737), “GWALA project” from
Fondos de Investigacidn Sanitaria ISC III (P110/02064), and Fondos FEDER/EDRF Red de
Investigacion Cardiovascular (RD12/0042); JUHSS, Polish Ministry of Education grant N402
083934; LSR, Lund University, Region Skane, the Swedish Research Council (K2010-61X-
20378-04-3), the Swedish Stroke Association, the Freemasons Lodge of Instruction EOS in
Lund, and the King Gustaf V and Queen Victoria’s foundations; G.J.F. and H.B.B., NIH SPOTRIAS
fellowship P50NS061343; C.D.A,, fellowship from the American Brain Foundation; ].N.G., NIH
grant 5K23NS059774; P.M.R,, awards from the NIHR and the Wellcome Trust; M.S., NIH grant
U01 NS074425; and D.L.B., NIH grants R01 NS062675, R01 HL098065, R01 NS070941, and R18
HS017690, the Blue Cross Blue Shield of Michigan Foundation, Michigan Department of
Community Health, and the University of Michigan.

DAT and VC were financially supported by the Transatlantic Networks of Excellence Award
(12C€VDO02) from Foundation Leducq
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Statistical analyses were performed using the C2BIG computing cluster, funded by the Région
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